Abstract-This paper proposed a framework to assess Critical Thinking Problem Solving (CTPS) among Computer and Communication Systems Engineering students. Currently, CTPS is assessed using generic rubric that can be interpreted differently. The proposed framework consists of in-class oral, facilitation and report assessment methods that tackle the limitation of current assessment practice. After three assessments are performed throughout the semester, the total score is the accumulation of the three assessment scores. The study was implemented at Faculty of Engineering, UPM in Semester 1 2016/2017 which involves 41 undergraduate students, ranging from second to final years students in 7 high taxonomy level courses. From the conducted study, the proposed CTPS assessment method is comprehensive covering the oral, facilitation and report aspect. However, the proposed framework is difficult to be conducted for large classroom due to the time constraint but the data obtained in the study can be used to propose an efficient and reliable rubric for CTPS assessment.
INTRODUCTION
The demand in education system require student to embrace critical thinking capability. As an example, the current curriculum offers by the university consists of syllabuses that need to be assessed using critical, logical and creative thinking. Normally, these capabilities can only be activated by the individual during specific circumstances such as: unfamiliar problems, uncertainties, questions, or dilemmas. Successful applications of the skills result in explanations, decisions, performances, and products that are valid within the context of available knowledge and experience that promote continued growth in these and other intellectual skills [1] [2] [3] . However, lessons involving critical thinking require particular clarity of communication between the students and the facilitator to reduce ambiguity and confusion, and improve student attitudes about thinking tasks. Students need to be assisted at the beginning of the lesson until they are able to work independently, especially in the task of solving problems that require creative and critical thinking. The critical thinking category includes definitions that refer to 'reasonable, reflective thinking that is focused on deciding what to believe or do' [4] and 'artful thinking', which includes reasoning, questioning and investigating, observing and describing, comparing and connecting, finding complexity, and exploring viewpoints [5] . In critical thinking, being able 'to think' means students can apply wise judgment or produce a reasoned critique [6] . In [7] , the authors claimed that critical thinking disposition is another important factor that drives a student to use critical thinking in order to solve engineering drawing problems. The statement is proved through the evaluation of the critical thinking disposition infused in Engineering Drawing through two teaching methods, namely conventional and infusion approaches. In their work, 60 students, where 29 from control and 31 from treatment groups were involved in this study and pre-test showed that no significant difference in critical thinking dispositions between control group and treatment group. However, the result in post-test showed that treatment group was significantly higher in critical thinking dispositions compared to control group. In [8] the author proposed a new teaching approach and revised the instructional design to increase students' depth of understanding and promote their high order thinking skills. The new teaching approach based on lecture-tutorial-practical-discussion strategy has been implemented for MSc student in Software Testing course. In this new approach, concepts and the software testing method was delivered during the traditional lecture followed by a conventional tutorial based on the lecture material. The inclass practical exercise is then introduced to further reinforce the lecture and tutorial. The approach is wrapping up by discussion to highlight the more salient point of the course material. To make the approach more effective, it is advisable the contents of instructional material lectures, tutorials and practical exercise to follow the Gagne's framework of nine instruction events. The result for this approach was very convincing by seeing more than 50% improvement for student achieving accomplished level of high order thinking skills. However, the proposed approach requires extra lecture and classroom duration as well as active participant from student, this is due to the incorporation of in class practical exercise and discussion.
Currently, critical thinking is not clearly assessed due to the diverse understanding of the facilitator/ academicians to interpret the level of critical thinking problem solving (CTPS). This leads towards different assessment method that can be possibly done. Realizing this issue, UPM particularly Centre of Academic Development (CADE) and Faculty of Engineering has taken proactive action by providing general guideline to assist the facilitator /academicians to assess the CTPS. The guideline provided by CADE shows that the critical thinking levels can be categorized into seven stages, ranging from the ability to identify and analyse problem in complex situation, with justified evaluation to the ability to understand and adapt to community and new work surrounding. However, the provided guidelines can be further improved to reduce misinterpretation during the assessment. Therefore, this paper introduces an alternative assessment method and framework to provide the best guideline for all possible conditions and situations in assessing the CTPS. The proposed framework consists of in-class oral, facilitation and report assessment. The in-class oral assessment was executed by asking critical thinking questions during the class, where the score is given for each question. The facilitation assessment is to observe the students capability to complete the given task within the required higher order thinking skills (HOTS) level through guidance from the facilitator.
II. METHODOLOGY
In this paper, a comprehensive assessment framework for assessing critical thinking of undergraduate students at Faculty of Engineering, UPM is proposed. The proposed framework, as shown in Fig. 1 consists of few stages, namely student categorization based on CT level, oral, facilitation and report assessments stage and lastly, CTPS total scoring. The student categorization stage was performed by giving a set of questions to all registered students in the involved courses. The reason of performing student categorization is to identify the critical thinking level of each student. The questions were designed based on the CT levels provided by Centre of Academic Development (CADE), UPM and the categorization was executed in the first week of the semester. Then, in the second stage, oral, facilitation and report assessments were performed within 13 weeks of lecture. The oral and facilitation assessments were conducted throughout the semester but the report writing evaluation was measured at the end of the semester. Each assessment category produced a score, which were then combined to produce a final score. The details of the scoring methods are explained in the following sections.
A. Oral Assesment
In this study, the oral assessment was conducted during the class and was performed in weekly basis, where a set of questions were asked to the selected students based on the topics stated in the syllabus that they have learned at that time or in the previous classes. The lecturers who participated in the study were advised to design the questions based on the required cognitive and CTPS levels to be attained, stated in the syllabus. The questions comprise observation on reasoning, questioning and investigating, observing and describing, comparing and connecting, finding complexity, and exploring viewpoints. The activity was implemented starting from the second week and for each question, a score namely 1 or 0 was given. Students that able to answer the questions obtain 1 for the score, otherwise they obtain 0, as shown in Table 1 with example of values. Then, at the end of the semester, the total score for the oral, S O assessment is calculated using (1).
where Qk is the questions given throughout the semester and k is the total number of questions. The number of questions, n can be varied depending on the facilitators and the maximum number of questions is 13, assuming only 1 question in every week, which is starting from the second week is given to the selected students. The estimation of 13 questions per semester is due to the limitation of time. 
B. Facilitation Assesment
The facilitation assessment was executed to observe the capability of the students to think critically in problem solving, focusing on the given assignment or mini project. The main idea is to guide them in completing their project while attaining the assigned cognitive level. The duration for the assessment took several weeks, ranging from 2 to 6 weeks, depending on the project's scale. Most of the assignments or mini projects are done in groups. However, the assessment is still done on individual basis and generally, it was assessed in stages where the total number of questions in each stage is decided by the facilitators, as shown in Table II 
CTPS total scoring
End is based on the scale of project. Similar to the oral assessment, the score given to each student is either 1 or 0, depending on the capability of the students to answer the CTPS questions related to their project. The facilitation score is obtained using (2).
where m is the total number of questions ask during facilitation. 
C. Report Assesment
In current practice, a written report that consists of a detail description of the project with analysis of the findings is assessed using a rubric that consists of content, organization, language, references and critical analysis, but the score given to each item is based on Likert's scale, ranging from 1 to 5. However, using the scale, the marks given to the students by the lecturers may vary due to different understanding in assigning marks. Hence, in this study, the report assessment is simplified by giving only 1 or 0 as the mark for each item, as shown in Table III . The students will obtain 1 if the written report meet the minimum requirement for the corresponding item. Hence, the score given to the report is the summation of the score for each item in Table III , as given by (3) . The simplicity of scoring method helped the facilitator to assess the report faster and easier compared to the current practice used by the faculty.
where SR is the total score for the submitted report and I represent the item in the guideline, namely content, organization, language and critical analysis. For each item, a weightage is assigned equally that is 0.15, except for the critical analysis components, where it was assigned with the highest weightage, which is 0.4. The reason of assigning higher weightage for critical analysis component is due to the importance of that component in assessing the report. 
D. CTPS Score
The CTPS total score is the summation of the scores from the three assessment methods as stated in (4). 
Based on (4), the weightage assigned to oral and facilitation assessments are equal that is 0.25, meanwhile the weightage assigned to the report is doubled. The main reason of assigning smaller weightage to the report and facilitation assessments is due to the time constraint as these assessments were executed orally and asked in class which may affect the students to understand the given questions. Meanwhile, the report assessment was performed on the submitted report which the students were given few weeks to complete it. Considering the time factor, where longer time has been given for the report assessment, the students should provide good CTPS answers. They were also able to find related references in order to discuss the given topic in more detail.
E. Pilot Study Setup
The study is conducted in Semester 1 2016/2017 which was held in September 2016 until January 2017 among second, third and final year students in Computer and Communication Systems Engineering Programme. The total number of students involved in this study is 41 and they are from 7 different courses offered from that semester, as listed in Table  IV . The selected courses are ECC3105 Microprocessor, ECC3111 Electronic Devices and Circuits, ECC3004 Engineering Statistics, ECC3108 Electromagnetic Waves, ECC3202 Computer Architecture and ECC3402 Multimedia Systems, which are the compulsory courses and one elective course, namely ECC4303 Artificial Intelligence. For all the courses, the facilitators were given a session of training beforehand on how the proposed CTPS assessment should be implemented. The details of the courses are listed in Table IV.   TABLE IV. LIST 
III. RESULTS
The CTPS assessment has been conducted for 1 semester and the results for assessment are as follows. Fig. 2 shows the average CTPS score obtained from the seven courses that involved in the study. The attainment level of the required CTPS skill is at 50% for all courses. From the observation of the collected data, most of the students in the 7 courses are able to attain the CTPS level based on the proposed assessment, except for ECC3004 Engineering Statistics that was taught to the second year students. This is due to the difficulty facing by the lecturer in teaching statistics to relate the theories to real life problems. In addition, most of the time during lecture was consumed by concept explanation that limit the number of CTPS questions to be asked during the class.
Another finding is ECC3108 Electromagnetic Waves that is also taught in second year, produced the highest average CTPS score even though this course is known as one of the difficult courses in the field of Computer and Communication Systems
Engineering. This is due to the capability of the lecturer to use real life examples in explaining the theories. The second best average CTPS score is from ECC3402 Multimedia Systems course which was taught to the third year students. The obtained high score by this course is due to the content of the course itself, which is covering the basic topics of multimedia that are easily understood. Fig. 2 Average CTPS scores vs course in the study
IV. CONCLUSION
From the conducted study, the proposed CTPS assessment method is comprehensive covering the oral, facilitation and report aspect. The individual assessment of the students is simplified using only 1 or 0 as the given mark. However, the proposed framework is difficult to be conducted for large classroom due to the time constraint but the data obtained in the study can be used to propose an efficient and reliable rubric for CTPS assessment.
